A good name is better than precious ointment.
The fundamental physical quantity for relating all biologic effects to radiation exposure is the absorbed dose, the energy imparted per unit mass of tissue. Absorbed dose is expressed in units of joules per kilogram (J/kg) and is given the special name gray (Gy). Exposure to ionizing radiation may cause both deterministic and stochastic biologic effects. To account for the relative effect per unit absorbed dose that has been observed for different types of radiation, the International Commission on Radiological Protection (ICRP) has established radiation weighting factors for stochastic effects. The product of absorbed dose in Gy and the radiation weighting factor is defined as the equivalent dose. Equivalent dose values are designated by a special named unit, the sievert (Sv). Unlike the situation for stochastic effects, no well-defined formalism and associated special named quantities have been widely adopted for deterministic effects. The therapeutic application of radionuclides and, specifically, a-particle emitters in nuclear medicine has brought to the forefront the need for a well-defined dosimetry formalism applicable to deterministic effects that is accompanied by corresponding special named quantities. This commentary reviews recent proposals related to this issue and concludes with a recommendation to establish a new named quantity.
Exposure to ionizing radiation may cause both deterministic and stochastic biologic effects. Deterministic effects are those that typically occur soon after exposure and that increase in magnitude with increasing doses above a threshold dose level. Examples of such effects include tumor regression, bone marrow suppression, and nephrotoxicity. Stochastic effects of radiation typically occur later after exposure, and the probability but not the magnitude of the effects is dose dependent. A threshold dose level for stochastic effects is generally not assumed. Examples of stochastic effects include cancer induction and genetic changes. Stochastic effects are of concern in diagnostic nuclear medicine, in which the absorbed doses are generally low. Deterministic effects are of concern in therapeutic nuclear medicine, in which the absorbed doses are high and intended to be cytotoxic. Stochastic effects are also possible in the dose ranges in which deterministic effects are manifested.
The fundamental physical quantity for relating all biologic effects to radiation exposure is the absorbed dose, the energy imparted per unit of mass of tissue. The absorbed dose is expressed in the units joules per kilogram (J/kg) and is given the special name gray (Gy).
STOCHASTIC EFFECTS
In the realm of stochastic effects, the probability that a particular biologic event will occur after radiation exposure also depends on several other radiologic variables, including the ionization density of the radiation delivered. For example, a-particles, because of their high linear energy transfer (LET), yield a greater density of ionization events per unit of distance traveled than do photons and electrons. Thus, a-particles have a higher probability of causing DNA damage and a higher probability of causing stochastic effects per unit of absorbed dose. To reflect this greater biologic impact, the International Commission on Radio-logical Protection has established the radiation weighting factor, denoted w R , to account for the relative effect per unit of absorbed dose that has been observed for different types of radiation. The product of the absorbed dose (expressed in Gy) and the radiation weighting factor w R is defined as the equivalent dose. Equivalent dose values are designated by a special named unit, the sievert (Sv). Accordingly, equivalent dose values may be used directly to assess the relative risk of radiation exposure such that a higher value (expressed in Sv) implies a greater risk of cancer induction. Stochastic effects are generally of concern in the context of ''low-level'' exposures, such as those encountered in occupational, environmental, and diagnostic medical settings.
DETERMINISTIC EFFECTS
The second category of biologic effects is deterministic effects. As noted earlier, these are biologic effects, such as toxicity or tumor cell killing, whose magnitude depends on absorbed doses above a threshold dose level. Deterministic effects are also sensitive to the ionization density of the radiation. The magnitude of the deterministic effect caused by a given absorbed dose depends on the LET of the particles and on many additional parameters, such as the dose rate, the spatial distribution of the absorbed dose, and tissue radiosensitivity.
Unlike the situation for stochastic effects, no welldefined formalism and associated special named quantities have been widely adopted for deterministic effects. Rather, scientific organizations have recommended that the relative biological effectiveness (RBE) of the high-LET radiation for a specific deterministic effect be used to weight the absorbed dose (1) (2) (3) (4) . In this context, the RBE is analogous to the weighting factor w R used to define the equivalent dose, except that in this case, the RBE is a measured quantity for a specific deterministic endpoint rather than a value established by a review committee's consensus regarding RBE values for relevant stochastic endpoints. Because no special name has been proposed for absorbed dose values weighted by deterministic RBE values, there has been confusion regarding the appropriate biologically meaningful expression of absorbed dose values related to deterministic effects. This confusion is evident from the occasional publication of articles reporting deterministic biologic effects arising at high-level radiation exposures in which the radiation doses were reported in sieverts.
PROPOSED QUANTITY AND SPECIAL NAMED UNIT FOR DETERMINISTIC EFFECTS
The therapeutic application of radionuclides, especially a-particle emitters in nuclear medicine (5-7), and the advent of proton-beam and other charged particle-beam therapies in radiotherapy (8, 9) have highlighted the need for a well-defined dosimetry formalism and accompanying corresponding special named quantities applicable to deterministic effects. Several solutions have been proposed to address this problem. For example, the National Council on Radiation Protection and Measurements and the International Commission on Radiological Protection have proposed the unit gray-equivalent (Gy-Eq) for an RBEweighted absorbed dose (2, 3) . In 2007, the International Commission on Radiological Protection proposed the use of gray (Gy) (4) as the unit for an RBE-weighted absorbed dose for deterministic biologic effects. In the field of proton-beam therapy, the term ''equivalent dose'' has been used with the unit gray-equivalent (GyE) or cobalt grayequivalent (CGE) (10) (11) (12) .
A working group established jointly by the International Atomic Energy Agency (IAEA) and the International Commission on Radiation Units and Measurements (ICRU) to address these issues in the context of ion-beam therapy recently proposed a formalism to resolve the issues of quantities and units used for predicting deterministic effects of ionizing radiation (13) . The IAEA-ICRU working group introduced the quantity isoeffective dose (D IsoE ), which was defined as the product of the absorbed dose (D) and an isoeffective weighting factor (w IsoE ). This weighting factor was defined to account for all factors that could influence the clinical deterministic effects associated with a given absorbed dose. In radionuclide therapy, these factors would include but would not be limited to the radiation type, the dose rate (14) (15) (16) (17) (18) , and the spatial distribution of the absorbed dose (19) (20) (21) . The reference irradiation condition for determining w IsoE was defined to be photons delivered at 2 Gy per fraction and 5 daily fractions per week, the time-dose fractionation regimen commonly used in externalbeam radiation therapy. The IAEA-ICRU working group recommended that the isoeffective dose be expressed in the unit gray.
Although w IsoE is similar in concept to RBE, it differs in that the reference radiation is well defined and has traditionally been used in therapeutic nuclear medicine as the standard for predicting the likely biologic consequences of a particular absorbed dose. Correspondingly, the MIRD Committee of the SNM recommends that the isoeffective dose formalism be adopted for use in therapeutic nuclear medicine. However, to avoid confusion and to parallel the formalism established for stochastic effects, the MIRD Committee recommends that the isoeffective dose be expressed in a new special named unit, the barendsen (Bd).
The MIRD Committee recommends the use of this special named unit in recognition of the seminal contributions of Gerrit W. Barendsen to the radiobiology of high-LET radiation. He is particularly well known for his work on quantifying the biologic effects of radiation as a function of LET . His findings are prominently displayed in the textbook Radiobiology for the Radiologist (45).
CONCLUSION
Pending approval by the appropriate national and international agencies, both of these recommendations will be formalized by publication of a MIRD Committee pamphlet.
